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FIG. 10
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FIG. 18A
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FIG. 19
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FIG. 27
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COMPUTER READABLE STORAGE
MEDIUM, APPARATUS, AND METHOD FOR
IMAGE PROCESSING

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2015-

147040, filed on Jul. 24, 2015, the entire contents of which
are 1ncorporated herein by reference.

FIELD

The embodiments disclosed herein relate to an 1mage
processing program, an image processing apparatus, and an
image processing method.

BACKGROUND

In job sites of medical care, a radiologist uses computed
tomography (CT) scanned images at different times to
compare locations of 1llness or locations at which there 1s a
suspicion of 1llness with each other to make a determination
of 1llness of a patient.

CITATION LIST

[Patent Document 1] Japanese Laid-open Patent Publica-
tion No. 2013-141603

SUMMARY

According to an aspect of the mnvention, a non-transitory
computer readable storage medium that stores a program for
image processing that causes a computer to execute a
process 1ncludes detecting a change i a lung based on a
plurality of images of the chest scanned at different times,
the change 1n the lung indicating that each position of each
part of the lung changes toward a specified position of the
lung, and outputting the change of the lung.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the inven-
tion, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view depicting an example of a CT imaging
system:

FI1G. 2 1s a view depicting a hardware configuration of an
Image processing apparatus;

FIG. 3 1s a view 1llustrating a relationship among process
contents of a diagnosis support unit of an 1image processing
apparatus, operation contents ol a health care worker, and
display contents of a parallel display screen image;

FIG. 4 1s a view 1llustrating a relationship among process
contents of a diagnosis support unit of an 1image processing
apparatus, operation contents of a health care worker, and
display contents of a parallel display screen image;

FIG. 5 1s a view 1llustrating an example of information
stored 1n an 1mage database (DB);
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FIG. 6 1s a view depicting factors of a fluctuation of a
local position of a comparison destination CT image with

respect to a comparison source CT 1mage;

FIGS. 7A to 7C depict views more particularly illustrating
a fluctuation of a position based on a change of a tumor;

FIGS. 8A to 8D depict views illustrating a calculation
process of a representative vector and a calculation process
of a corresponding region;

FIG. 9 1s a view depicting an image for which local
positioning has been performed using a representative vector
including an influence of non-rigid deformation;

FIG. 10 1s a view depicting a functional configuration of
a second registration unit;

FIG. 11 1s a view 1illustrating process contents of a
convergence region decision unit;

FIGS. 12A and 12B depict views illustrating a calculation
method of a representative vector when it 1s decided that
there exists a convergence region;

FIGS. 13A and 13B depict views 1illustrating a calculation
method of a representative vector when it 1s decided that
there 1s no convergence region;

FIG. 14 1s a view depicting an image obtained by per-
forming local positioning using a representative vector from
which an influence of non-rigid deformation has been
removed;

FIGS. 15A to 15C-2 depict views 1llustrating a particular
example of an 1mage processing process executed by an
1mage processor;

FIG. 16 1s a first flow chart illustrating a process executed
by a second registration unit;

FIG. 17 1s a flow chart of a convergence region decision
Process;

FIGS. 18A and 18B depict tflow charts of a local posi-
tioning process;

FIG. 19 1s a flow chart of an 1mage processing process
based on a time-dependent variation;

FIG. 20 1s a second view 1illustrating a relationship among,
process contents of a diagnosis support unit of an 1mage
processing apparatus, operation contents of a health care
worker, and display contents of a parallel display screen
1mage;

FIG. 21 1s a second flow chart of a process executed by
a second registration unit;

FIG. 22 depict views 1illustrating a process for scanning a
comparison source CT 1mage using region of interest (ROI)
candidates to determine an ROI;

FIG. 23 15 a third tlow chart of a process executed by a
second registration unit;

FIG. 24 1s the third flow chart of a process executed by the
second registration unit;

FIG. 25 1s a third view illustrating a relationship among,
process contents of a diagnosis support unit of an 1mage
processing apparatus, operation contents of a health care
worker, and display contents of a parallel display screen
1mage;

FIG. 26 depict views illustrating a manner 1n which a
display mode of an enlarged display screen image 1s changed
by a display controller; and

FIG. 27 15 a flow chart of a process executed by a display
controller.

DESCRIPTION OF EMBODIMENTS

Incidentally, where a patient has a tumor (for example,
adenocarcinoma) 1n the lung, alveoli are collapsed by the
adenocarcinoma, and surrounding such as blood vessels
move so as to converge to the collapsed location. While, in
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a CT mmage, a tumor or a blood vessel 1s displayed white,
since the lung 1s deformed by an influence of the breathing

or the heart beating of the patient, it 1s diflicult for a
radiologist who 1s not experienced highly to find, on the
basis of C'T scanned 1images (or captured image) of the chest,
whether or not there exists a tumor or whether or not some
blood vessel 1s dislocated.

Therefore, it 1s desirable to reduce the load 1imposed on a
radiologist when the radiologist makes a determination of a
location at which some vascular convergence by an influ-
ence of alveoli collapsed due to a tumor from 1mages of the
lung deformed by an 1nfluence of the breathing or the heart
beating.

In the following, embodiments are described with refer-
ence to the accompanying drawings. It 1s to be noted that, 1n
the present specification and the accompanying drawings,
like element having substantially like functional configura-
tions are denoted by like reference characters and overlap-
ping description of them 1s omitted herein to avoid redun-
dancy.

First Embodiment

First, a computed tomography (CT) imaging system
including an 1mage processing apparatus according to a first
embodiment 1s described. FIG. 1 1s a view depicting an
example of a CT 1maging system.

A CT mmaging system 100 includes a CT apparatus 110,
an 1mage processing apparatus 120, and an 1image database
(database 1s hereinafter referred to as DB) 130. The CT
apparatus 110 and the 1mage processing apparatus 120 are
clectrically coupled to each other such that transfer of data
1s performed between the two apparatus. Also the image
processing apparatus 120 and the image DB 130 are elec-
trically coupled to each other such that transfer of data 1s
performed between the two apparatus.

The CT apparatus 110 scans the inside of the body of a
patient utilizing radiations and uses a computer to perform
processing to generate CT 1mages that are slice images of the
patient (such a process as just described 1s heremafter
referred to as “to CT scan 1mages™). The CT apparatus 110
transmits CT scanned 1mages to the 1image processing appa-
ratus 120.

The 1mage processing apparatus 120 stores CT scanned
images by the CT apparatus 110 into the coupled image DB
130. Further, the 1image processing apparatus 120 processes
the CT scanned images by the CT apparatus 110 and
displays the processed CT 1mages to medial stafl such as a
radiologist. It 1s to be noted that the image processing
apparatus 120 functions as a diagnosis support unit 140 to
perform such processes as described above when a diagnosis
support program, which 1s an example of an 1mage process-
ing program 1installed therein, 1s executed by a computer.

The image DB 130 receives CT scanned images by the CT
apparatus 110 through the 1image processing apparatus 120
and stores the CT 1mmages separately for pluralities of CT
scanned 1mages (scanned 1mage series or scanned image
group) at a same time.

The diagnosis support unit 140 1s a function that 1s utilized
when a health care worker makes a diagnosis of a patient on
the basis of the CT scanned images by the CT apparatus 110
and stored in the 1image DB 130. The diagnosis support unit
140 displays CT scanned images, for example, at different
times 1n parallel such that the health care worker can
diagnose through comparison of the CT 1mages. It 1s to be
noted that one of CT mmages displayed in parallel (for
example, a CT scanned image before lapse of a given period
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of time) 1s referred to as “comparison source CT 1image™ and
another one of the CT images (for example, a CT scanned
image aiter lapse of the given period of time) 1s referred to
as “‘comparison destination CT 1mage.”

The diagnosis support unit 140 displays an image 1n a
given region (region of interest (ROI)) including a position
designated by a health care worker in the comparison source
C'T image 1n an enlarged scale on an enlarged display screen
image. Further, the diagnosis support unit 140 extracts an
image 1n a corresponding region corresponding to the given
region including the designated position from within the
comparison destination CT 1mage and displays the extracted
image 1n an enlarged scale in the enlarged display screen
image. In this manner, with the diagnosis support unit 140,
since an 1mage in a given region including a designated
position and an 1image of a corresponding region are auto-
matically displayed in an enlarged scale, 1t 1s possible to
reduce the load of the diagnosis on the health care worker
and reduce the labor of the health care worker for an
operation for displaying an enlarged image.

It 1s to be noted that, in order to execute such processes
as described above, the diagnosis support unit 140 includes
a first registration unit 141, a second registration unit 142,
and a display controller 143.

The first registration umt 141 1s i1mplemented, for
example, by a first registration program executed by a
computer. The first registration unit 141 corrects, when CT
scanned 1mages at different times are displayed 1n parallel,
positional displacement between the CT 1mages by using
alline transformation to perform global positioning between
the CT 1mages.

The second registration unit 142 1s implemented, for
example, by a second registration program executed by the
computer. The second registration unit 142 performs, when
an 1mage 1 a given region including a position designated
by the health care worker 1s displayed 1n an enlarged scale,
a conversion process for the comparison destination CT
image to perform local positioning and extracts an image 1n
a corresponding region from the comparison destination CT
image.

Consequently, the second registration unit 142 can notify
the display controller 143 of the 1image 1n the corresponding
region. It 1s to be noted that, although the conversion process
includes various processes, the conversion process in the
present embodiment 1s parallel movement, and an 1mage in
a corresponding region extracted from the comparison des-
tination CT 1mage by performing a conversion process 1s
referred to as “image for which local positioning has been
performed.”

Further, 11 an 1nstruction for image processing 1s received
from the health care worker, then the second registration unit
142 performs an 1image processing process for promoting an
appropriate diagnosis by a health care worker for a tumor
regarding the image in the corresponding region.

Consequently, the second registration unit 142 can notify
the display controller 143 of the 1image 1n the corresponding
region for which the image processing process has been
performed.

The display controller 143 1s implemented, for example,
by a display program executed by the computer. The display
controller 143 displays a comparison source CT image
selected by the health care worker and displays a given
region including a position designated by the health care
worker 1n an enlarged scale on the enlarged display screen
image. Further, the display controller 143 displays the
image, which has been noticed from the second registration
unit 142 and for which local positioning has been performed
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(in the case where an 1mage processing process has been
performed, the 1image after the 1mage processing process 1s
performed), in an enlarged scale on the enlarged display
screen 1mage.

Now, a hardware configuration of the image processing
apparatus 120 1s described. FIG. 2 1s a view depicting a
hardware configuration of an 1mage processing apparatus.
The 1mage processing apparatus 120 includes a central
processing unit (CPU) 201, a read only memory (ROM) 202,
and a random access memory (RAM) 203, as depicted 1n
FIG. 2. The image processing apparatus 120 further includes
an auxiliary storage unit 204, a coupling unit 205, a display
unit 206, an operation unit 207, and a drive unit 208. It 1s to
be noted that the components of the image processing
apparatus 120 are coupled to each other by a bus 209.

The CPU 201 1s a computer that executes various pro-
grams stored in the auxiliary storage unit 204 (for example,
a first registration program, a second registration program, a
display program and so forth).

The ROM 202 1s a nonvolatile memory. The ROM 202
functions as a main storage unit for storing various pro-
grams, data and so froth used for the CPU 201 to execute the
various programs stored in the auxiliary storage unit 204.
For example, the ROM 202 stores boot programs such as a
basic input/output system (BIOS) or an extensible firmware
interface (EFI) and so forth therein.

The RAM 203 1s a volatile memory and includes a
dynamic random access memory (DRAM), a static random
access memory (SRAM) and so forth. The RAM 203 i1s a
main storage umt that provides a working area in which
various programs stored in the auxiliary storage unit 204 are
developed when the various programs are to be executed by
the CPU 201.

The auxiliary storage unit 204 1s a computer-readable
storage apparatus into which various programs installed 1n
the 1mage processing apparatus 120 and data and so forth
generated by execution of the various programs are
recorded.

The coupling unit 205 1s coupled with the CT apparatus
110 and the 1image DB 130 and transters data to and from the
CT apparatus 110 and the image DB 130. The display unit
206 displays a CT scanned image by the CT apparatus 110
and stored 1n the image DB 130 through a parallel display
screen 1mage. The operation unit 207 accepts various opera-
tions performed from the 1mage processing apparatus 120 by
a health care worker.

The drive unit 208 1s a device for setting a recording
medium 210 set theren. The recording medium 210 here
includes media in which information 1s optically, electri-
cally, or magnetically recorded like a compact disc (CD)-
ROM, a flexible disk, or a magneto-optical disk. Further, the
recording medium 210 includes semiconductor memories
for electrically recording information like a ROM, a flash
memory and so forth.

It 1s to be noted that, in the present embodiment, the
various programs stored in the auxiliary storage unit 204 are
installed by loading, for example, a distributed recording
medium 210 into the drive unit 208 and reading out the
various programs recorded in the recording medium 210 by
the drive unit 208 or by downloading various programs from
the network through the coupling unit 205.

Now, a relationship of processing contents of the diag-
nosis support unit 140 of the image processing apparatus
120, operation contents ol a health care worker, and a
parallel display screen image displayed on the display umit
206 of the 1mage processing apparatus 120 when a process
1s executed by the diagnosis support unit 140 1s described.
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FIGS. 3 and 4 are views 1llustrating relationships among,
processing contents of a diagnosis support unit of an 1image
processing apparatus, operation contents of a health care
worker, and display contents of a parallel display screen
image.

In the 1mage processing apparatus 120, 1f the diagnosis
support umt 140 1s activated, then processing by the display
controller 143 1s started, and a parallel display screen 1image
300 for displaying C'T scanned images at different times 1n
parallel 1s displayed on the display unit 206 as depicted in
FIG. 3. In a state in which the parallel display screen image
300 1s displayed, a health care worker would select a
scanned 1mage series of a given region (here, of the chest)
of a given patient scanned at given time as a comparison
source CT 1mage series. Consequently, the display controller
143 reads out the selected comparison source CT 1mage
series from the image DB 130. Further, 11 a given compari-
son source CT mmage (here, file name="ImageA015) 1s
designated from within the selected comparison source CT
image series by the health care worker, then the display
controller 143 displays the designated comparison source
CT mmage 1n the parallel display screen image 300.

In order to compare with the designated comparison
source CT 1mage, the health care worker would select a
scanned 1mage series of a same region of the same patient
scanned at a different time as a comparison destination CT
image series. For example, the health care worker would
input a patient 1identification (ID), series date and time, a
body part examined (here, the chest) and so forth for
selection. Consequently, the display controller 143 reads out
the scanned 1mage series specified by the inputted patient
name, series date and time, body part examined and so forth
as a comparison destination CT image series from the image
DB 130. Further, the display controller 143 reads out a
comparison  destination C1  1mage  (here, file
name="ImageB018”) corresponding to the comparison
source CT 1mmage displayed in the parallel display screen
image 300 from within the read out comparison destination
CT 1image series and displays the comparison destination CT
image 1n the parallel display screen image 300.

At this time, 1n the diagnosis support unit 140, the first
registration unit 141 functions to perform correction using
alline transformation such as rotation or parallel translation
for the read out CT mmage to perform global positioning.
Since global positioning 1s performed for the entire CT
image, global positional displacement between the compari-
son source CT mmage and the comparison destination CT
image 1s reduced.

After the global positioning 1s completed, the health care
worker would designate a position of a tumor F 1n the
displayed comparison source CT 1mage as depicted 1n FIG.
4. Consequently, the display controller 143 displays an
image of a given region (region of interest (ROI)) 401
including the position of the designated tumor F in an
enlarged scale in the enlarged displace screen 1image in the
comparison source CT image. Further, at this time, the
health care worker would additionally designate whether or
not 1mage processing 1s to be performed.

After an 1image of the given region (ROI) 401 1s displayed
in an enlarged scale, the second registration unit 142 per-
forms local positioning for a partial region of the compari-
son destination CT 1mage. Consequently, the second regis-
tration unit 142 extracts an 1mage of a corresponding region
402 including a position of a tumor F' corresponding to the
tumor F (1image for which local positioning has been per-
formed). It 1s to be noted that the second registration unit 142




US 10,039,514 B2

7

performs convergence decision (details are heremafter
described) before the local positioning 1s performed.

Further, 1f an instruction for 1image processing 1s 1ssued
from the health care worker, then the second registration unit
142 performs an image processing process (details are
heremnafter described) for the image in the corresponding
region 402 obtained by performing the local positioning.

Further, the second registration unit 142 nofifies the
display controller 143 of the image in the corresponding
region 402 obtained by performing the local positioning (in
the case where an 1mage processing process has been
executed, the image after the 1image processing process).

The display controller 143 displays the image in the
corresponding region 402 notified from the second registra-
tion unit 142 (1n the case where an 1image processing process
has been executed, the image after the 1mage processing
process) 1n an enlarged scale on the enlarged display screen
image 1n the comparison destination CT image. Conse-
quently, the image for which the local positioning has been
performed and besides the image processing has been per-
formed can be displayed.

In this manner, with the image processing apparatus 120,
when the position of the tumor F 1s designated on the
comparison source CT 1mage by the health care worker, an
image in the given region 401 can be displayed in an
enlarged scale. Further, it 1s possible to extract an image 1n
the corresponding region 402 from the comparison destina-
tion CT 1mage by performing local positioning on the basis
of an 1mage in the given region 401 and perform image
processing for promoting appropriate diagnosis by a health
care worker for a tumor and then display the image 1n an
enlarged scale on the enlarged display screen image.

Consequently, it becomes possible for the health care
worker to easily grasp a corresponding region between CT
images included in scanned image series at different times
and to perform appropriate diagnosis for the tumor.

Now, the image DB 130 is described. FIG. 5 1s a view
illustrating an example of mformation stored 1n an 1mage
DB. As illustrated 1n FIG. 5, information stored 1n the image
DB 130 1s managed 1in a classified state for each patient, and
FIG. 5 illustrates an example of information relating to a
patient of a patient ID="xxx.”

As depicted 1in FIG. 5, items of information of a patient
include “series date and time,” “body part examined,”
“series name,” and “image list.” In the *“series date and
time,” information regarding the date and time at which the
CT 1mage was scanned 1s placed. In the “body part exam-
ined,” information regarding the body part of the CT scan-
ning target 1s placed. In the “series name,” a series name for
specilying a series configured from a plurality of CT
scanned 1mages 1s placed. In the “image list,” a plurality of
CT scanned images (file names) are placed.

The example of FIG. 5 indicates that a series of the series
name="series A including CT 1mages ImageA00] to Ima-
geA030 obtained by CT scanning for the body part
examined="‘chest” at the series date and time="Feb. 3,
2014” 1s placed 1n the 1mage DB 130. The example of FIG.
5 further indicates that a series of the series name="“series B”
including C'T images ImageB001 to ImageB030 obtained by
CT scanning for the body part examined="chest” at the
series date and time="Aug. 3, 2015” 1s placed 1n the image

DB 130.
It 1s to be noted that a broken line in FIG. 5 indicates that

the CT 1mage of “ImageA015” 1s selected as a comparison

source CT 1mage by a health care worker. Further, it 1s
indicated that the CT image of “ImageB018” 1s selected as
a comparison destination CT 1mage by a health care worker.
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Now, individual portions of the diagnosis support unit 140
are described. It 1s to be noted that, in the following,
description 1s given principally of the second registration
unit 142.

As described heremabove, at the point of time at which
the global positioming 1s completed, the comparison source
CT 1mage and the comparison destination CT image are
corrected against a general positional fluctuation while a
local positional fluctuation remains. Therefore, when an
image 1n the corresponding region 402 corresponding to the
given region 401 including the position of the tumor F
designated by the health care worker 1s to be displayed 1n an
enlarged scale, the second registration unit 142 first deter-
mines a local positional fluctuation of the comparison des-
tination CT 1mage with respect to the comparison source CT
image. Then, the second registration umt 142 performs a
conversion process by parallel translation 1n the comparison
destination CT 1mage 1n response to the determined fluc-
tuation to perform local positioning. Consequently, the sec-
ond registration unit 142 can extract the image of the
corresponding region 402.

Here, where the body part examined=*chest,” a fluctua-
tion of a local position 1s caused by two available principal
factors (one of which 1s based on the breathing or the heart
beating and the other of which 1s based on a change
(time-dependent variation) of a tumor). FIG. 6 1s a view
illustrating factors of a local positional fluctuation of a
comparison destination CT 1mage with respect to a com-
parison source CT 1mage.

IT a local positional fluctuation occurs as depicted in FIG.
6, then 1n a region of a comparison destination CT 1mage
having same coordinates as those of a given region 401 of
a comparison source CT 1mage, for example, an 1mage 610
1s displayed.

If an 1mage 600 1n the given region 401 of the comparison
source CT 1mmage and the image 610 1n a region of the
comparison destination CT 1image having coordinates same
as those of the given region 401 are compared with each
other 1 FIG. 6, then it can be recognized that the position
ol a blood vessel and the position of a tumor (namely, each
position ol each part of the lung) are displaced by a great
amount by a local positional fluctuation. In FIG. 6, thick
lines denote blood vessels 601 to 603 and 611 to 613, and
shadowed regions indicate tumors F and F'.

It 1s to be noted that the positional fluctuation based on the
breathing and the heart beating 1s a fluctuation of the
position caused by a movement of the diaphragm, for
example, upon breathing. Since the position of the dia-
phragm 1s fluctuated depending upon whether a patient
exhales or inhales, the position of portions of the lung is
fluctuated by the fluctuation of the position of the dia-
phragm. In particular, the comparison source CT 1mage and
the comparison destination CT mmage can include there
between a fluctuation of a local position based on the
breathing and the heart beating except when the breathing
states of the patient upon 1mage scan coincide fully with
cach other.

It 1s to be noted that, although the positional fluctuation
based on the breathing and the heart beating 1s non-rigid
deformation, for example, with respect to the entire body,
since the given region 401 1s part of the 1nside of the lung,
the entire given region 401 translates 1n parallel 1n a given
direction. Accordingly, the positional fluctuation can be
regarded as rigid-body motion.

On the other hand, the positional fluctuation based on a
change of a tumor 1s a fluctuation of the position of the tumor
arising ifrom that a malignant tumor such as adenocarcinoma
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grows while destroying the alveoli and the volume of the
alveoli decreases by an amount of air having been held by
the alveol1 (in other words, involved 1n convergence occur-
ring in the tumor).

The second registration unit 142 subtracts a fluctuation
amount ol the position based on a change of the tumor
(time-dependent change) from between the positional tluc-
tuations based on the two factors described above to extract
a tluctuation amount of the position based on the breathing
and the heart beating. Then, the second registration unit 142
performs local positioning based on the fluctuation amount
ol the position based on the breathing and the heart beating.

Here, a change (time-dependent variation) of a tumor 1s
described 1n more detail with reference to FIG. 7. FIG. 7
depict views 1llustrating a positional tluctuation based on a
change of a tumor in more detail.

FIG. 7A illustrates a manner of surrounding tissues imme-
diately after a malignant tumor such as adenocarcinoma 1s
generated at a position indicated at a tumor central point O.
As 1llustrated 1n FIG. 7A, 1 a state immediately after the
malignant tumor 1s generated, both of the distance from the
tumor central point O to a point D, of bronchus 711 and the
distance tfrom the tumor central point O to a poimnt C, of a
blood vessel 712 are rl.

FI1G. 7B illustrates a manner in which, since the malignant
tumor grows while destroying the alveolus around the
tumor, surrounding tissues including the bronchus 711 and
the blood vessel 712 move toward the tumor central point O.
As depicted 1n FIG. 7B, as a result of the movement of the
surrounding tissues toward the tumor central point O, both
of the distance from the tumor central point O to a point D,
of the bronchus 711 and the distance from the tumor central
point O to a point C, of the blood vessel 712 become r2
(<rl).

FI1G. 7C illustrates a manner in which, since the malignant
tumor further glows while destroying the alveolus around
the tumor, the surrounding tissues including the bronchus
711 and the blood vessel 712 further move toward the tumor
central point O. As depicted in FIG. 7C, as a result of the
movement of the surrounding tissues toward the tumor
central point O, both of the distance from the tumor central
point O to a point D, of the bronchus 711 and the distance
from the tumor central point O to a point C, of the blood
vessel 712 become r3 (<r2).

In this manner, a fluctuation of a position based on a
change of a tumor (involved in convergence caused by the
tumor) has a characteristic that surrounding tissues move
toward the tumor central point O and can be regarded as
non-rigid deformation.

It 1s to be noted that, as depicted 1n FIG. 7, tissues around
the tumor can be roughly classified 1nto tissues of a tumor
region 703, tissues 1n a convergence region 702, and tissues
in a normal region 701. In the tumor region 703, since the
tissues are destroyed by the newly appearing malignant
tumor, part of the tissues existing in FIG. 7A disappears and
does not exist in FIG. 7C. Meanwhile, 1n the convergence
region 702, although tissues existing in FIG. 7A exist also 1n
FIG. 7C, 1t can be regarded that the position of the corre-
sponding tissues 1s fluctuated 1n a direction toward the center
(B,—B,—B,). Further, 1n the normal region 701, tissues
existing 1 FIG. 7A still exist 1n FIG. 7C, and the position
(A,—A,—A,) of the corresponding tissues 1s little fluctu-
ated.

As apparently recognized from the description given
above with reference to FIGS. 6 and 7, the factors of a local
positional fluctuation between a comparison source CT
image and a comparison destination CT image include a
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“factor based on the breathing and the heart beating” which
can be regarded as rigid-body motion and a “factor based on
a change of a tumor” which 1s a non-rigid deformation.
Further, where the “factor based on a change of a tumor,”
there 1s a characteristic that surrounding tissues move
toward the tumor central point O, and tissues around the
tumor can be roughly classified into tissues in the normal
region 701, the convergence region 702, and the tumor
region 703 1n accordance with the degree.

Now, problems when the second registration unit 142
performs local positioning for a region i which such a
rigid-body motion and non-rigid deformation as depicted in
FIG. 6 exist 1n a mixed state 1n a comparison destination CT
image are described with reference to FIGS. 8 and 9.

As described heremnabove, when local positioning 1s to be
performed 1n a comparison destination CT image, the second
registration unit 142 performs a conversion process by
parallel translation. In other words, the second registration
umt 142 performs not a conversion process assuming a
non-rigid body but a conversion process assuming a rigid
body.

Here, when to perform a conversion process by parallel
translation, the second registration unit 142 performs calcu-
lation of a representative vector indicative of to which
position of the comparison destination CT 1mage the given
region 401 moves (positional relationship between the given
region 401 and the corresponding region 402).

FIG. 8 depict views 1llustrating a calculation process of a
representative vector and a calculation process of a corre-
sponding region. In particular, FIG. 8A illustrates a corre-
sponding vector (dark arrow mark) that 1s the difference
between the position of a feature point included in the given
region 401 of the comparison source CT 1mage and the
position of a feature point in the comparison destination CT
image corresponding to the feature point. It 1s to be noted
that a region 800 1s a region 1n which a feature point in the
comparison destination CT 1mage corresponding to the
feature point included 1n the given region 401 of the com-
parison source CT 1image 1s included, and 1s a region used for
calculation of a representative vector. In the following, the
region 1in the comparison destination CT 1mage 1s referred to
as representative vector calculation target region 800.

Here, 1t 1s assumed that the second registration unit 142
calculates a representative vector 810 using all correspond-
ing vectors icluded in the representative vector calculation
target region 800. In this case, an 1image for which local
positioning has been performed can be extracted by execut-
ing a process illustrated 1 FIG. 8B.

FIG. 8B illustrates a manner 1n which an image for which
local positioning has been formed from a comparison des-
tination CT 1mage 1s extracted by performing a conversion
process by parallel translation using the representative vec-
tor 810. As depicted in FIG. 8B, the second registration unit
142 determines a region 802 by parallelly translating a
region 801 in the comparison destination CT 1mage having
coordinates same as those of the given region 401 of the
comparison source CT 1mage on the basis of the represen-
tative vector 810. Then, the second registration unit 142
extracts an 1mage of the region 802 from the comparison
destination CT i1mage to extract an 1mage for which local
positioning has been performed.

However, the image extracted in this manner 1s nothing
but an 1mage obtained by determining a representative
vector assuming that only a ngid-body motion occurs in a
region 1n which a rigid body motion and non-rigid defor-
mation exist in a mixed manner and then parallelly trans-
lating the 1mage so as to cancel the assumed rigid-body
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motion. In short, the parallel translation 1s performed so as
to cancel also the influence of the non-rigid deformation
amount.

More detailed description 1s given with reference to FIGS.
8C and 8D. FIG. 8C illustrates corresponding vectors of
fluctuation amounts (rigid-body motion amounts) of posi-
tions based on the breathing and the heart beating from
among corresponding vectors each of which links the posi-
tion of a feature point included in the given region 401 of the
comparison source CT 1mage and the position of a feature
point 1n the comparison destination C'T 1image corresponding,
to the feature point. As depicted 1n FIG. 8C, the correspond-
ing vectors of the rigid body motion amounts are directed 1n
the same direction and have an equal length. It 1s to be noted
that the corresponding vectors of the rigid motion amounts
exist 1 the normal region 701 and the convergence region
702. However, since a feature poimnt of the comparison
destination CT 1mage corresponding to a feature point of the
comparison source CT 1mage does not exist in the tumor
region 703, no corresponding vector exists 1n the tumor
region 703.

Meanwhile, FIG. 8D illustrates corresponding vectors of
fluctuation amounts (non-rigid deformation amounts) of
positions based on a change of the tumor from among
corresponding vectors that link the positions of the feature
points included 1n the given region 401 of the comparison
source CT 1mage and the positions of feature points 1n the
comparison destination CT i1mage corresponding to the
feature points. As depicted in FIG. 8D, a corresponding
vector of a non-rigid deformation amount exists only 1n the
convergence region 702 (in this regard, except the tumor
region 703) and can be regarded as being directed toward the
center.

In this manner, the corresponding vectors corresponding,
to the ngid body motions and the corresponding vectors
corresponding to the non-rigid deformations are different in
length and direction of a vector from each other and are
different also 1n existing position.

On the other hand, the corresponding vectors illustrated in
FIG. 8A are sums of the corresponding vectors depicted 1n
FIG. 8C and the corresponding vectors depicted 1n FIG. 8D.

In particular, the corresponding vectors existing at a
position corresponding to the convergence region 702 from
among the corresponding vectors depicted mm FIG. 8A
include the corresponding vectors corresponding to rigid-
body motions and the corresponding vectors corresponding,
to the non-rigid deformations in a mixed state. Therefore, 1
the representative vector 810 1s calculated from correspond-
ing vectors mcluding the corresponding vectors ex1st111g at
the position corresponding to the convergence region 702,
then the representative vector 810 includes an influence of
non-rigid deformation. Even 1f such a representative vector
810 as just described 1s used to pertorm local positioning,
positioning of high accuracy 1s not expectable.

Description 1s given using a particular image. FIG. 9 1s a
view depicting an 1mage for which local positioning has
been performed using a representative vector including an
influence of non-rigid deformation. It 1s to be noted that, 1n
the example of FIG. 9, an image 900 for which local
positioning has been performed (1mage of the region 802 of
the companson destination CT 1mage) and the image 600 of
the given region 401 of the comparison source CT 1mage are
depicted 1n an overlapping relationship with each other.

As depicted 1 FIG. 9, the positions of blood vessels 901
to 903 and a tumor F' included in the image 900 are
displaced from the positions of the blood vessels 601 to 603
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and the tumor F included in the image 600 although local
positioning has been performed.

Taking the problem 1n calculation of a representative
vector 1n such a region in which rigid-body motions and
non-rigid deformations exist in a mixed manner as described
above 1nto consideration, the second registration unit 142 1n
the present embodiment determines a representative vector
removing an influence of non-rigid deformation and per-
torms local positioning. Further, the second registration unit
142 in the present embodiment performs an 1mage process-
ing process for an 1image ol the corresponding region 402
obtained by performing the local positioming to visualize and
display an influence of the non-rigid deformation (namely, a
fluctuation amount of a position based on a change of the
tumor (time-dependent variation)).

In the following, a functional configuration of the second
registration unit 142 1n the present embodiment 1s described
with reference to FIG. 10, and functions of components of
the second registration unit 142 are described with reference
to FIGS. 11 to 15. Further, details of processes executed by
the second registration unit 142 are described with reference
to flowcharts of FIGS. 16 to 19.

FIG. 10 1s a view depicting a functional configuration of
a second registration unit. As depicted 1n FIG. 10, the second
registration unit 142 includes a region identification unit
1001, a corresponding vector calculation unit 1002, a con-
vergence region decision unit 1003, a representative vector
calculation unit 1004, a positioning unit 1005, and an 1mage
processor 1006.

The region identification unit 1001 1dentifies a given
region 401 mcluding a position designated by a health care
worker. For example, the region identification unit 1001
acquires coordinates on a comparison source CT 1mage
which specily the position of the given region 401.

The corresponding vector calculation unit 1002 extracts
feature points from the given region 401 of the comparison
source CT 1mage 1dentified by the region 1dentification unit
1001. Further, the corresponding vector calculation unit
1002 searches for feature points 1n a comparison destination
CT mmage corresponding to the extracted feature points.
Further, the corresponding vector calculation unit 1002
calculates corresponding vectors on the basis of a difference
of the positions of the feature points extracted from the
comparison source CT 1mage and the positions of the feature
points 1n the comparison destination CT 1mage correspond-
ing to the feature points.

The convergence region decision unit 1003 decides
whether or not a convergence region 702 1s imncluded in the
representative vector calculation target region 800 on the
basis of the corresponding vectors calculated by the corre-
sponding vector calculation unit 1002. Further, if 1t 1s
decided that the convergence region 702 1s included, then
the convergence region decision unit 1003 calculates a
boundary position between the normal region 701 and the
convergence region 702. Further, the convergence region
decision unit 1003 notifies the representative vector calcus-
lation unit 1004 of a result of the decision of whether or not
a convergence region 702 1s included and a result of the
calculation of the boundary position between the normal
region 701 and the convergence region 702.

The representative vector calculation unit 1004 calculates
a representative vector in the representative vector calcula-
tion target region 800 on the basis of the corresponding
vectors calculated by the corresponding vector calculation
umt 1002. It it 1s decided that a convergence region 702 1s
not mcluded 1n the representative vector calculation target
region 800, then the representative vector calculation unit
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1004 calculates a representative vector using all correspond-
ing vectors in the representative vector calculation target
region 800 (in this regard, except the tumor region). On the
other hand, 11 1t 1s decided that a convergence region 702 1s
included in the representative vector calculation target
region 800, then the representative vector calculation unit
1004 calculates a representative vector using the corre-
sponding vectors in the representative vector calculation
target region 800 except the corresponding vectors included
in the convergence region (and the tumor region).

It 1s to be noted that, 1n the present embodiment, the
representative vector calculation unit 1004 performs an
averaging process when it 1s to calculate a representative
vector using the corresponding vectors.

The positioning unit 1005 extracts an 1mage of a corre-
sponding region 402 corresponding to the given region 401
from the comparison destination CT 1mage on the basis of
the representative vector calculated by the representative
vector calculation unit 1004. For example, the positioning
unit 1005 moves the coordinates that specity the position of
the given region 401 using the representative vector on the
comparison destination CT image to calculate the coordi-
nates atter the movement. Further, the positioning unit 1005
acquires an image for which local positioming has been
performed by extracting the image of the region (corre-
sponding region 402) specified by the calculated coordinates
after the movement from the comparison destination CT
image.

The 1mage processor 1006 performs 1mage processing of
the 1mage of the corresponding region 402 obtained by
performing the local positioning for visualizing the fluctua-
tion amount of the position based on a change of the tumor
(time-dependent variation). If an instruction for image pro-
cessing from a health care worker 1s 1ssued, then the image
processor 1006 performs 1mage processing for the image of
the corresponding region 402.

For example, the image processor 1006 visualizes a
change of a tissue based on a change of the tumor by
calculating a difference between pixel values between the
image of the given region 401 and the image of the corre-
sponding region 402. Further, the image processor 1006
visualizes a moving direction and a movement amount of the
tissue based on the change of the tumor by calculating a
vector mndicative of a fluctuation of the position based on the
change of the tumor between the image of the given region
401 and the image of the corresponding region 402. Further,
the 1mage processor 1006 visualizes a tendency of the
change of the tissue based on the change of the tumor on the
basis of a distribution of the calculated vectors 1n the
corresponding region 402.

It 1s to be noted that the image processor 1006 notifies the
display controller 143 of the 1mage of the corresponding
region 402 for which the image processing has been per-
tformed. Consequently, the display controller 143 can cause
an 1mage obtained by performing the image processing for
the 1image of the corresponding region obtained by the local
positioning to be displayed in an enlarged scale on the
enlarged display screen image.

Now, a particular example of the functions of the con-
vergence region decision unit 1003, the representative vec-

tor calculation unit 1004, the positioning unit 1003, and the
image processor 1006 from among the components included
in the second registration unit 142 depicted in FIG. 10 1s

described.

10

15

20

25

30

35

40

45

50

55

60

65

14

First, a particular example of functions of the convergence
region decision unmt 1003 1s described. FIG. 11 1s a view
illustrating processing contents of a convergence region
decision unit.

FIG. 11 illustrates a manner 1n which the representative
vector calculation target region 800 1s partitioned by delim-
iting lines of a given step size into rectangular frame shapes
from the center to side edges of the representative vector
calculation target region 800 and it 1s decided on the basis
of corresponding vectors of the partitions whether or not a
convergence region 702 1s included in the representative
vector calculation target region 800.

It 1s to be noted that the distance from the center to a side
edge of the representative vector calculation target region
800 1s represented by R, and the step size 1s represented by
AR. Further, while a case 1n which the representative vector
calculation target region 800 1s partitioned into rectangular
frame shapes 1s described, the representative vector calcu-
lation target region 800 may be partitioned into ring shapes
instead of rectangular frame shapes.

The convergence region decision unit 1003 extracts cor-
responding vectors included in a partition group 1101 within
the range of R to (R-AR) (shadowed region 1n the repre-
sentative vector calculation target region 800 depicted on the
left side 1n FIG. 11). Further, the convergence region deci-
sion unit 1003 extracts corresponding vectors included 1n a
partition group 1102 within the range of (R-AR) to (R—ARX
2) (shadowed region 1n the representative vector calculation
target region 800 depicted at the center 1n FIG. 11).

Further, the convergence region decision unit 1003 cal-
culates a diflerence between each corresponding vectors
adjacent each other between the corresponding vectors of
the partition group 1101 and the corresponding vectors of
the partition group 1102 from among the extracted corre-
sponding vectors to determine difference vectors. It can be
considered that the diflerence vector here indicates a difler-
ence 1n change of the position of a feature point between the
comparison source CT 1mage and the comparison destina-
tion CT 1mage. The vectors in the representative vector
calculation target region 800 depicted on the right side 1n
FIG. 11 indicate an example of difference vectors calculated
on the basis of the corresponding vectors of the partition
group 1101 and the corresponding vectors of the partition
group 1102.

If each difference vector determined in this manner 1s
greater than a given threshold value, then the convergence
region decision unit 1003 decides a direction of the differ-
ence vector. Further, 11 the direction of the difference vector
can be regarded as being directed toward the center of the
representative vector calculation target region 800 (which
represents a collapsing change), then the convergence region
decision unit 1003 decides that a convergence region 1s
included (namely, the convergence region decision unit 1003
detects a convergence region). Further, the convergence
region decision unit 1003 decides a boundary position
between two partition groups 1n which the corresponding
vectors for calculating the difference vectors used for the
decision that a convergence region 1s 1mcluded exist as the
boundary position between the normal region and the con-
vergence region.

It 1s to be noted that, as apparent from the description
given above with reference to FIG. 11, the convergence
region decision unit 1003 first determines a difference vector
using corresponding vectors extracted from the partition
group 1101 positioned at the outermost side of the repre-
sentative vector calculation target region 800. This 1s
because the corresponding vectors can be estimated as
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corresponding vectors involved 1 a fluctuation of the posi-
tion based on the breathing and the heart beating, which are
not influenced by a fluctuation of the position based on a
change of the tumor.

Further, the convergence region decision umt 1003 cal-
culates a diflerence between adjacent corresponding vectors.
This 1s because there 1s no great diflerence in fluctuation of
the position based on the breathing and the heart beating
between adjacent corresponding vectors and, by calculating,
the difference, an influence of the fluctuation of the position
based on the breathing and the heart beating can be can-
celled. In other words, 1t can be considered that a difference
vector determined by calculating the difference between
adjacent corresponding vectors (it 1s to be noted that the
difference vector has a magnitude equal to or greater than a
given threshold value) represents a corresponding vector
corresponding to a fluctuation amount of the position based
on a change of the tumor.

It 1s to be noted that the reason why the convergence
region decision unit 1003 decides a direction of a difference
vector 1s that, because a corresponding vector 1n a conver-
gence region has a property that it 1s directed toward the
tumor central point O, this 1s eflective to 1dentily (or detect)
that the corresponding vector 1s a fluctuation of the position
based on the change of the tumor.

Now, a particular example of the function of the repre-
sentative vector calculation unit 1004 1s described. FIG. 12
depict views 1llustrating a calculation method of a represen-
tative vector when 1t 1s decided that a convergence region
exists.

If the representative vector calculation target region 800
includes a convergence region 702, then the representative
vector calculation unit 1004 determines a representative
vector from among corresponding vectors calculated by the
representative vector calculation target region 800 except
the corresponding vectors existing 1n the convergence region
702. In the example of FIG. 12A, 15 corresponding vectors
(indicated by dark arrow marks) are calculated by the
representative vector calculation target region 800, and the
representative vector calculation unit 1004 calculates a
representative  vector using 11 corresponding vectors
excluding the four corresponding vectors existing in the
convergence region 702 from among the 15 corresponding
vectors.

A representative vector 1200 indicates a representative
vector calculated using the 11 corresponding vectors. In this
manner, by excluding the four corresponding vectors exist-
ing 1n the convergence region 702, a representative vector
can be determined excluding the influence of non-rigid
deformation (namely, a fluctuation amount of the position
based on the change of the tumor (time-dependent change)).

FIG. 12B illustrates a manner in which an image for
which local positioning has been performed 1s extracted
from a comparison destination CT 1mage by performing a
conversion process by parallel translation using the repre-
sentative vector 1200. As depicted 1n FIG. 12B, the second
registration unit 142 can determine the corresponding region
402 by parallelly translating the region 801 1n the compari-
son destination CT corresponding to the given region 401 of
the comparison source CT 1mage 1n response to the repre-
sentative vector 1200. Further, by extracting an image of the
corresponding region 402 from the comparison destination
CT 1mage, the second registration unit 142 can extract an
image for which local positioning has been performed.

Meanwhile, FIG. 13 depict views illustrating a calculation
method of a representative vector when 1t 1s decided that a
convergence region does not exist. If the convergence region
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702 1s not included 1n the representative vector calculation
target region 800, then the representative vector calculation
umt 1004 determines a representative vector using the
corresponding vectors calculated by the representative vec-
tor calculation target region 800. However, the correspond-
ing vectors included 1n the tumor region 703 are excluded.
It 1s to be noted that, since a corresponding point to a feature
point does not exist 1n the tumor region 703, no correspond-
ing vector exists, and therefore, the calculated representative
vector 1s same irrespective of whether or not corresponding,
vectors existing in the tumor region 703 are excluded.

In the example of FIG. 13A, 15 corresponding vectors
(indicated by dark arrow marks) are calculated 1n the rep-
resentative vector calculation target region 800, and the
representative vector calculation unit 1004 calculates a
representative vector using the 15 corresponding vectors. A
representative vector 1300 indicates a representative vector
calculated using the 15 corresponding vectors. In this man-
ner, when the convergence region 702 1s not included 1n the
representative vector calculation target region 800, since
there 1s no influence of non-rigid deformation, a represen-
tative vector can be calculated using all corresponding
vectors.

FIG. 13B illustrates a manner in which an image for
which local positioning has been performed 1s extracted
from the comparison destination CT 1image by performing a
conversion process by parallel translation using the repre-
sentative vector 1300. As illustrated 1n FIG. 13B, the second
registration unit 142 can determine the corresponding region
402 by parallelly translating the region 801 in the compari-
son destination C'T image corresponding to the given region
401 of the comparison source CT 1mage in response to the
representative vector 1300. Further, the second registration
unit 142 can extract an image for which local positioning has
been performed by extracting an image of the corresponding
region 402 from the comparison destination CT i1mage.

Here, an 1mage obtained by the positioning unit 1005
performing local positioning using the representative vector
1200 that 1s free from an influence of non-rigid deformation
1s described. FIG. 14 1s a view depicting an 1image obtained
by performing local positioning using a representative vec-
tor from which an influence of non-rigid deformation has
been removed.

It 1s to be noted that, 1n the example of FIG. 14, an 1image
1400 of the corresponding region 402 obtained by the
positioning umt 1005 performing local positioming using the
representative vector 1200 from which the influence of
non-rigid deformation has been excluded and the image 600
of the given region 401 of the comparison source CT 1mage
are depicted 1n an overlapping relationship with each other.

As depicted mn FIG. 14, the positions of blood vessels
1401 to 1403 and the tumor F' included 1n the image 1400
are substantially same as the blood vessels 601 to 603 and
the tumor F included 1n the image 600, respectively. In other
words, 1 the image 1400, the fluctuation of the positions
based on the breathing and the heart beating 1s cancelled.
Meanwhile, the blood vessels 1402 and 1403 which are
positioned around the tumor F' are displaced in position
from the blood vessels 601 to 603 included 1n the image 600
which are positioned around the tumor F. In other words, in
the 1mage 1400, the influence of the fluctuation of the
positions based on the tumor remains.

Now, a particular example of the function of the image
processor 1006 that performs an 1image processing process
for an 1mage of the corresponding region 402 obtained by
the positioning unit 1005 performing local positioning 1s
described. FIG. 15 depict views illustrating a particular
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example ol an 1mage processing process executed by an
image processor. FIG. 15A 1llustrates a manner in which a
change of a tissue based on a change of a tumor 1s visualized
by the image processor 1006 calculatmg a difference
between pixel values of an image 600 of a given region 401
and an 1mage 1400 of a corresponding region 402.

As depicted 1n FIG. 15A, the tumor 1included 1n the image
1400 of the corresponding region 402 1s greater than the
tumor included in the image 600 of the given region 401, and
a cavity 1s generated 1n the mside of the tumor because of
disappearance of a tissue.

The 1mage processor 1006 calculates differences between
pixel values of pixels of the image 600 of the given region
401 and pixel values of pixels of the 1mage 1400 of the
corresponding region 402 to generate a difference 1mage
1510 thereby to visualize a variation between the 1mage 600
and the image 1400.

For example the 1mage processor 1006 decides pixels
whose difference value 1s 1n the positive and 1s greater than
a given threshold value from among the pixels of the
difference 1mage 1510 as pixels indicative of a tumor having
appeared newly and colors the pixels, for example, 1n red.
Further, the 1image processor 1006 determines pixels whose
difference value 1s in the negative and 1s smaller than a given
threshold value from among the pixels of the difference
image 1510 as pixels indicative of a disappeared tissue and
colors the pixels, for example, in blue. It 1s to be noted that,
from among the pixels of the difference image 1510, those
pixels the absolute value of the difference value of which 1s
equal to or lower than the given threshold value are decided
as pixels having no change, and change in color i1s not
performed for the pixels.

Consequently, 1 a health care worker observes the dif-
terence 1image 1510, then the health care worker can recog-
nize a change of a tissue based on a change of the tumor
(appearance, disappearance, or no change) readily.

FIGS. 15B-1 and 15B-2 illustrate a manner in which a
moving direction and a movement amount of a tissue based
on a change of the tumor are visualized by the image
processor 1006 displaying vectors idicative of tluctuations
of the position based on a change of the tumor.

Particularly, FIG. 15B-1 illustrates a manner 1n which the
image processor 1006 acquires difference vectors calculated
by the convergence region decision unit 1003 (for example,
difference vectors illustrated i FIG. 11) and displays the
difference vectors on a translucent layer superposed on the
image 1400. By displaying the difference vectors in an
overlapping relationship with the image 1400 through the
translucent layer in this manner, the health care worker can
casily recognize the moving direction and the movement
amount of the tumor based on the change of the tumor.

Meanwhile, FIG. 15B-2 illustrates a manner in which the
image processor 1006 acquires difference vectors calculated
by the convergence region decision unit 1003 and super-
poses a translucent layer, which 1s colored at corresponding,
positions of the partition group 1102, on the image 1400. It
1s to be noted that the image processor 1006 colors the
translucent layer at posmons of the partition group 1102
corresponding to the difference vectors with shading corre-
sponding to the magnitudes of the difference vectors. For
example, as the magnitude of the diflerence vector increases,
the partition at the corresponding position 1s colored 1n a
more saturated color, and as the magnitude of the difference
vector decreases, the partition at the corresponding position
1s colored 1n a less saturated color.

Consequently, the health care worker can recognize that,
at the position of a colored partition, movement of a tissue
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has occurred on the basis of a change of a tumor. Further, the
health care worker can recognize the magnitude of the
movement amount of the tissue based on the change of the
tumor on the basis of the saturation of the color.

FIGS. 15C-1 and 15C-2 illustrate a manner in which a
tendency of a change of a tissue based on a change of a
tumor 1s visualized by the image processor 1006 on the basis
of a distribution of difference vectors acquired from the
convergence region decision unit 1003. It 1s illustrated 1n a
manner 1 which the 1 Image processor 1006 calculates the
number per unit area of diflerence vectors acquired from the
convergence region decision unit 1003 and superposes a
translucent layer colored 1n a region corresponding to a
convergence region with saturation in accordance with the
calculated number of difference vectors on an 1image 1400.

Consequently, the health care worker can recognize a
tendency of a change of the tissue based on a change of the
tumor (whether the number of tissues whose positions have
been changed by a great amount 1s great or small) on the
basis of the saturation of the applied color. FIG. 15C-1
illustrates a manner 1n which a region corresponding to the
convergence region 702 1s colored in a more saturated color
because the number of difference vectors per unit area 1s
great in the region compared with FIG. 15C-2.

With the displays depicted in FIGS. 15C-1 and 15C-2, it
can be recognized readily at which location difference
vectors are concentrated although, if difference vectors are
merely displayed in such a case that a plurality of regions
that may possibly sufler from adenocarcinoma exist in the
proximity of each other, then 1t 1s less likely to recognize at
which location the difference vectors are concentrated.

Now, a flow of processing executed by the second regis-
tration unit 142 1s described. FIG. 16 1s a first flow chart of
processing executed by a second registration unit.

At step S1601, the region identification umt 1001 1den-
tifies a given region (ROI) 401 centered at the position of a
tumor F designated by a health care worker on a comparison
source CT 1mage.

At step S1602, the corresponding vector calculation unit
1002 extracts feature points from the given region 401 of the
comparison source CT 1mage identified by the region 1den-
tification unit 1001. Further, the corresponding vector cal-
culation unit 1002 searches for feature points 1n a compari-
son destination CT image corresponding to the extracted
feature points.

At step S1603, the convergence region decision unit 1003
extracts a region 1cluding the feature points searched out
from the comparison destination C'T 1mage as a representa-
tive vector calculation target region 800.

At step S1604, the corresponding vector calculation unit
1002 calculates corresponding vectors on the basis of the
differences between the positions of the feature points
extracted from the comparison source CT image and the
positions of the feature points 1n the comparison destination
CT mmage corresponding to the feature points.

At step S1605, the convergence region decision unit 1003
decides on the basis of calculated corresponding vectors
whether or not a convergence region 702 1s included 1n the
representative vector calculation target region 800. IT 1t 1s
decided that a convergence region 702 1s included, then the
convergence region decision unit 1003 calculates a bound-
ary position between the normal region 701 and the con-
vergence region 702. It 1s to be noted that a detailed flow
chart of the convergence region decision process at step
S1605 1s hereimnafter described.

At step S1606, the representative vector calculation unit
1004 decides whether or not a convergence region 702 1s
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included on the basis of a result of the convergence region
decision process (step S1605). It 1t 1s decided at step S1606
that a convergence region 702 1s not included, then the
processing advances to step S1607. At step S1607, the
representative vector calculation unit 1004 and the position-
ing unit 1003 perform a local positioning process for a tumor
other than adenocarcinoma.

On the other hand, 1f i1t 1s decided at step S1606 that a
convergence region 702 1s included, then the processing
advances to step S1608. At step S1608, the representative
vector calculation unit 1004 and the positioning unit 1005
perform a local positioning process for adenocarcinoma.

It 1s to be noted that a detailed flow chart of the local
positioning process at steps S1607 and S1608 1s hereimnafter

described.

At step S1609, the image processor 1006 decides whether
or not an 1nstruction to perform 1mage processing has been
accepted from a health care worker. ITf an instruction to
perform 1mage processing has not been accepted, then the
processing advances to step S1611. In this case, at step
S1611, an 1image of the corresponding region 402 obtained
by the local positioning process performed at step S1607 or
step S1608 1s outputted to the display controller 143. As a
result, the display controller 143 causes an 1mage of the
corresponding region 402 obtained by the local positioning
process performed at step S1607 or step S1608 (1mage for
which 1mage processing has not been performed) to be
displayed 1n an enlarged scale on an enlarged display screen
1mage.

On the other hand, 11 it 1s decided at step S1609 that an
istruction to perform 1mage processing has been accepted,
then the processing advances to step S1610. At step S1610,
the 1mage processor 1006 performs an 1mage processing
process based on a time-dependent variation. Thereaiter, the
processing advances to step S1611.

In this case, at step S1611, an 1image (including a trans-
lucent layer) obtained by performing the 1mage processing
process (step S1610) for the image of the corresponding
region 402 obtained by performing the local positioning
process (step S1608) 1s outputted to the display controller
143. As a result, the display controller 143 causes the 1mage
(including the translucent layer) obtained by performing the
1mage processing process for the image obtained by the local
positioning process performed at step S1608 to be displayed
in an enlarged scale on the enlarged display screen image. It
1s to be noted that a detailed flow chart of the image
processing process based on a time-dependent variation at
step S1610 1s hereinafter described.

Now, details of the convergence region decision process
(step S1605) are described. FIG. 17 1s a flow chart of a
convergence region decision process.

At step S1701, the convergence region decision unit 1003
partitions the representative vector calculation target region
800 from the center (tumor central point O) to the side edges
into ring shapes or rectangular frame shapes with a step size
AR. At step S1702, the convergence region decision unit
1003 substitutes 1 into a counter 1.

At step S1703, the convergence region decision unit 1003
extracts a partition group 1 a range of (R-ARx(1-1)) to
(R-ARXx1) and a partition group within a range of (R—-ARx1)
to (R—ARX(1+1)) positioned at the mner side (side nearer to
the tumor) of the partition group.

At step S1704, the convergence region decision unit 1003
calculates a difference between each adjacent ones of the
corresponding vectors existing i1n the extracted partition
groups to determine difference vectors.
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At step S1705, the convergence region decision unit 1003
decides whether or not the magnitude of each difference
vector 1s within a threshold value. IT 1t 1s decided at step
S1705 that the magnitude of the difference vector 1s within
the threshold value, then the processing advances to step
S1706, at which the counter 1 15 incremented.

At step S1707, the convergence region decision unit 1003
decides whether or not 1=zR/AR 1s satisfied. If 1t 1s decided
that the iequality 1s not satisfied, then the convergence
region decision unit 1003 decides that a partition group
exists at the further inner side (side nearer to the tumor).
Then, the processing returns to step S1703.

On the other hand, if 1t 1s decided at step S1707 that
1=zR/AR 1s satisfied, then the convergence region decision
unit 1003 decides that a diflerence vector has been calcu-
lated with regard to all partition groups. Then, the processing
advances to step S1708.

At step S1708, the convergence region decision unit 1003
decides that a convergence region 702 1s not included 1n the
representative vector calculation target region 800 and ends
the convergence region decision process.

On the other hand, 11 1t 1s decided at step S1705 that the
magnitude of the difference vector 1s greater than the thresh-
old value, then the processing advances to step S1709. At
step S1709, the convergence region decision unit 1003
decides whether or not 1t can be regarded that the direction
of the difference vector 1s directed toward the center of the
representative vector calculation target region 800.

IT 1t 1s decided at step S1709 that 1t 1s diflicult to regard
that the direction of the difference vector 1s directed toward
the center, then the processing advances to step S1706. On
the other hand, if 1t 1s decided at step S1709 that 1t can be
regarded that the direction of the difference vector 1s directed
toward the center, then the processing advances to step
S1710.

At step S1710, the convergence region decision unit 1003
decides that a convergence region 702 1s included in the
representative vector calculation target region 800, and the
processing advances to step S1711. At step S1711, the
convergence region decision unit 1003 decides that the
position at which the distance from the center of the repre-
sentative vector calculation target region 800 1s equal to
(R—-ARx1) 1s a boundary position between the normal region
701 and the convergence region 702, thereby ending the
convergence region decision process.

Now, details of the local positioning process (steps S1607
and S1608) are described. FIG. 18 depict flow charts of a
local positioning process.

In particular, FIG. 18A 1s a flow chart of the local
positioning process (for other than adenocarcinoma). At step
S1801, the representative vector calculation unit 1004 masks
the tumor region 703 from within the representative vector
calculation target region 800.

At step S1802, the representative vector calculation unit
1004 calculates a representative vector using the corre-
sponding vectors in the region other than the tumor region
703 masked at step S1801 from among the corresponding
vectors included in the representative vector calculation
target region 800.

At step S1803, the positioning unit 1005 extracts an image
ol the corresponding region 402 corresponding to the given
region 401 from the comparison destination CT 1mage using
the calculated representative vector. Consequently, an image
for which local positing has been performed can be
extracted.

Meanwhile, FIG. 18B 1s a flow chart of local positioning
(for adenocarcinoma). At step S1811, the representative
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vector calculation unit 1004 masks the convergence region
702 1including the tumor region 703 from within the repre-
sentative vector calculation target region 800.

At step S1812, the representative vector calculation unit
1004 calculates a representative vector using the corre-
sponding vectors 1n the region other than the convergence
region 702 masked at step S1811 from among the corre-
sponding vectors included in the representative vector cal-
culation target region 800.

At step S1813, the positioning unit 1005 extracts the
image 1400 of the corresponding region 402 corresponding
to the given region 401 from the comparison destination CT
image using the calculated representative vector. Conse-
quently, an 1mage for which local positioning has been
performed can be extracted.

In this manner, 1f the second registration unmit 142 1n the
present embodiment decides that the magmitude of a differ-
ence vector 1s within the threshold value and the region 1n
question 1s a normal region 701, then the second registration
unit 142 calculates a representative vector using the corre-
sponding vectors of the partitions. Further, if it 1s decided
that the convergence region 702 1s included according to the
difference vectors have a magnitude greater than the thresh-
old value and beside are directed toward the center, the
second registration unit 142 calculates a representative vec-
tor using corresponding vectors i which the partition 1s far
from the tumor compared with the partition of the conver-
gence region 702. In other words, the second registration
unit 142 calculates a representative vector using correspond-
ing vectors of the feature points 1n positions spaced by equal
to or more than the threshold value from the tumor region.
Consequently, since a representative vector can be calcu-
lated excluding the influence of non-rigid deformation, the
accuracy 1n local positioning can be raised.

Now, a flow of processing when the image processing
process (step S1610) based on a time-dependent variation 1s
performed for the image 1400 of the corresponding region
402 obtained by the local positioning performed as
described above 1s described 1n detail.

FIG. 19 1s a flow chart of an 1mage processing process
based on a time-dependent variation. At step S1901, the
image processor 1006 decides whether or not 1mage pro-
cessing for visualizing a change of a tissue 1s to be per-
formed. On a parallel display screen image 300, a health care
worker can perform an operation ({first operation) for
istructing to perform image processing for visualizing a
change of a tissue through the operation unit 207. Therefore,
the 1mage processor 1006 decides whether or not a first
operation has been performed by a health care worker to
determine whether or not 1mage processing for visualizing a
change of a tissue 1s to be performed.

If 1t 1s decided that a first operation has not been per-
formed by a health care worker, then the 1mage processor
1006 advances the processing to step S1905. On the other
hand, 11 1t 1s decided that a first operation has been performed

by a health care worker, then the image processor 1006

advances the processing to step S1902.

At step S1902, the 1image processor 1006 calculates a
difference value between each pixel value of the image 600
of the given region 401 of the comparison source CT image
and a corresponding pixel value of the image 1400 of the
corresponding region 402 of the comparison destination CT
image to generate a diflerence 1image 1510.

At step S1903, the image processor 1006 classifies the

difference 1mage 1510 1nto an appearance region, a disap-
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pearance region, or a no-change region on the basis of the
difference values of the pixels included in the generated
difference image 1510.

At step S1904, the image processor 1006 performs color
conversion for the image 1400 of the corresponding region
402 of the comparison destination CT 1mage on the basis of
a result of the classification at step S1903. For example, the
image processor 1006 converts pixels corresponding to an
appearance region ol the image 1400 of the corresponding
region 402 of the comparison destination CT 1mage into
those of a given color (Tor example, red). Further, the image
processor 1006 converts pixels corresponding to a disap-
pearance region ol the image 1400 of the corresponding
region 402 of the comparison destination CT image into
those of another given color (for example, blue).

At step S1903, the image processor 1006 determines
whether or not 1mage processing for visualizing a moving
direction and a movement amount of a tissue 1s to be
performed. A health care worker can perform, on the parallel
display screen image 300, an operation (second operation)
for 1nstructing to perform image processing for visualizing
the moving direction and the movement amount of a tissue
through the operation unit 207. Therefore, the 1mage pro-
cessor 1006 decides whether or not a second operation has
been performed by a health care worker to determine
whether or not image processing for visualizing the moving
direction and the movement amount of a tissue 1s to be
performed.

If 1t 1s decided that a second operation has not been
performed by a health care worker, then the 1mage processor
1006 advances the processing to step S1907. On the other
hand, 1T 1t 1s decided that a second operation has been
performed by a health care worker, then the 1mage processor
1006 advances the processing to step S1906.

At step S1906, the image processor 1006 acquires difler-
ence vectors calculated by the convergence region decision
umt 1003. Further, the image processor 1006 causes an
image of the acquired diflerence vectors to be displayed on
a translucent layer to be superposed on the 1mage 1400 of the
corresponding region 402. Further, the image processor
1006 superposes a translucent layer, on which the difference
vectors are displayed, on the image 1400 of the correspond-
ing region 402.

At step S1907, the image processor 1006 determines
whether or not 1mage processing for visualizing a tendency
of a change of a tissue 1s to be performed. A health care
worker can perform an operation (third operation) for
istructing to perform 1mage processing for visualizing a
tendency of a change of a tissue on the parallel display
screen 1mage 300 through the operation unit 207. Therefore,
the 1image processor 1006 decides whether or not a third
operation has been performed by a health care worker to
determine whether or not 1mage processing for visualizing a
tendency of a change of a tissue 1s to be performed.

If 1t 1s decided that a third operation has not been
performed by a health care worker, then the 1image processor
1006 ends the image processing process based on a time-
dependent variation. On the other hand, 1f it 1s decided that
a third operation has been performed by a health care
worker, then the image processor 1006 advances the pro-
cessing to step S1908.

At step S1908, the image processor 1006 acquires the
difference vectors calculated by the convergence region
decision unit 1003. Further, the 1image processor 1006 cal-
culates the number of acquired difference vectors per unit
area and determines saturation in accordance with the cal-
culated number.
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At step S1909, the image processor 1006 colors a region
corresponding to the convergence region on the translucent

layer to be superposed on the image 1400 of the correspond-
ing region 402 with a given color based on the determined
saturation. Further, the image processor 1006 superposes a
translucent layer colored 1n the region thereof corresponding,
to the convergence region. Further, the image processor
1006 superposes the translucent layer colored 1n the region
thereol corresponding to the convergence region on the
image 1400 of the corresponding region 402.

As apparent from the description given above, 1n the
present embodiment, 1f an 1mage of a given region including
a tumor 1n a comparison source CT 1image 1s designated, then
a conversion process by parallel translation 1s performed 1n
the comparison destination CT i1mage using corresponding
vectors spaced from the convergence region to extract an
image ol the corresponding region. Consequently, local
positioning of high accuracy from which an influence of
non-rigid deformation (a fluctuation amount of the position
based on a change of the tumor (time-dependent variation))
1s removed can be performed.

Further, 1n the present embodiment, 1mage processing for
visualizing a fluctuation amount of the position based on a
time-dependent variation of a tumor 1s performed for an
image ol a corresponding region obtained by performing
local positioning.

Consequently, even 1 a case in which an i1mage 1s
deformed by an influence of the breathing or the heart
beating, a health care worker can easily decide a location
converged by an influence of the alveoli collapsed by the
tumor. As a result, the load when a health care worker makes
a decision from the comparison destination C'T 1mage can be
reduced.

Second Embodiment

The second registration unit 1 the first embodiment
described above determines a given region 401 1n response
to designation of the position of a tumor F on a comparison
source CT 1mage by a health care worker. In contrast, a
second registration unmit in the second embodiment scans a
comparison source CT 1mage successively for regions of a
given size as ROI candidates with a given scanning width
and executes a convergence region decision process at each
of the scanning positions. Further, the second registration
unit 1n the second embodiment determines an ROI candidate
at a position at which it 1s decided that a convergence region
exists as a given region (ROI) 401. In this manner, in the
second embodiment, since a given region (ROI) 401 1s
determined on the basis of a result of decision regarding
whether or not there exists a convergence region, a health
care worker may not perform a process for designating a
tumor F on a comparison source CT image. As a result, the
load on the health care worker upon diagnosis can be
reduced. In the following, the second embodiment 1s
described principally 1n connection with differences thereof
from the first embodiment described hereinabove.

FIG. 20 1s a view 1llustrating a relationship between
processing contents of a diagnosis supporting unit, operation
contents of a health care worker, and display contents of a
parallel display screen image 1n an 1mage processing appa-
ratus. FIG. 20 corresponds to FIG. 4 (view depicting pro-
cessing contents and so forth after global positioning)
depicted 1n connection with the first embodiment.

As depicted mm FIG. 20, when global positioning 1s
completed, the second registration unmit 142 accepts an
instruction regarding whether or not 1image processing 1s to
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be performed from a health care worker. Further, the second
registration unit 142 scans the comparison source CT 1mage
for ROI candidates 2001 of a given size with a given
scanning width and executes a convergence region decision
process (step S1605) at each of the scanning positions. Then,
the second registration unit 142 determines a region to be
specified by the ROI candidate 2001 at a position at which
it has been decided that there exists a convergence region as
a given region (ROI) 401.

After the given region (ROI) 401 i1s determined, the
second registration unit 142 performs a local positioning
process (step S1608) for the comparison destination CT
image on the basis of an 1mage of the determined given
region (ROI) 401. Consequently, the second registration unit
142 extracts an i1mage of the corresponding region 402
including the position of a tumor F' corresponding to the
tumor F (1image for which local positioning has been per-
formed).

Further, the second registration unit 142 performs an
image processing process (step S1610) based on a time-
dependent vanation for the image of the corresponding
region 402 obtained by performing the local positioning.
Further, the second registration unit 142 notifies the display
controller 143 of the image of the given region (ROI) 401
determined 1n the comparison source C1 i1mage and an
image ol the corresponding region 402 extracted from the
comparison destination CT image (where the 1mage has
been processed, the 1mage after the processing).

The display controller 143 causes the 1image of the given
region (ROI) 401 notified from the second registration unit
142 to be displayed 1n an enlarged scale on the enlarged
display screen 1mage on the comparison source CT 1mage.
Further, the display controller 143 causes the image of the
corresponding region 402 notified from the second registra-
tion unit 142 to be displayed 1n an enlarged scale on the
enlarged display screen image of the comparison destination
CT image. Consequently, the image for which the image
processing has been performed 1s displayed on the image of
the corresponding region 402 obtained by performing local
positioning.

Now, a flow of processing by the second registration unit
142 1n the second embodiment 1s described. FIG. 21 15 a
second flow chart of processing executed by a second
registration unit. It 1s to be noted that, from among steps
included 1n the flow chart depicted in FI1G. 21, like steps to
the steps icluded 1n the flow chart of the first embodiment
described hereinabove with reference to FIG. 16 are denoted
by like reference characters and overlapping description of
these steps 1s omitted herein.

At step S2101, the region 1dentification unit 1001 reads
out an ROI candidate 2001 of a size determined 1n advance
and sets the ROI candidate 2001 to a given position of a
comparison source C1 1mage. Here, the region 1identification
umt 1001 sets the ROI candidate 2001 to a scanning starting
position of the comparison source CT 1mage (left upper
corner position of the comparison source CT 1mage).

At steps S1602 to S1605, 1t 1s decided whether or not there
exists a convergence region on the basis of an 1image of a
region speciiied by the ROI candidate 2001 at the position
set at step S2101.

If 1t 1s decided at step S2102 that there exists no conver-
gence region as a result of the processes at steps S1602 to
S1605, then the representative vector calculation unit 1004
advances the processing to step S2105.

At step S2105, the region 1dentification unit 1001 decides
whether or not the ROI candidate 2001 1s positioned at a
terminal end position of the comparison source CT 1mage
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(right lower comer position of the comparison source CT
image). If 1t 1s decided that there exists no terminal end

position at step S2104, then the processing returns to step
S2101.

In this case, the region i1dentification unit 1001 sets the
ROI candidate 2001 to a position moved by a given scanning
width on the comparison source CT 1image. Then, the region
identification unit 1001 executes the processes at steps

S1601 to S1605.
In this manner, the second registration unit 142 in the

present embodiment searches a given region (ROI) 401 by
deciding whether or not there exists a convergence region

while scanning an ROI candidate of a given size with a given
scanning width on a comparison source CT 1mage.

If 1t 1s decided that there exists a convergence region as a
result of the processes at steps S1602 to S1603, then the
representative vector calculation umt 1004 advances the
processing from step S2102 to step S2103.

At step S2103, the region 1dentification unit 1001 deter-
mines the ROI candidate 2001 at the position at which 1t 1s
decided that there exists a convergence region as a given
region (ROI) 401.

At step S1608, a local positioning process 1s performed on
the basis of the image of the given region (ROI) 401
determined at step S2104. Further, 11 it 1s decided at step
S1609 that an 1mage processing process 1s to be performed,
then an 1mage processing process 1s performed at step
S1610. Thereatter, the image of the given region (ROI) 401
and the image for which the image processing process has
been performed in regard to the corresponding region (in-
cluding the translucent layer) are outputted to the display
controller 143. Thereaiter, the processing advances to step
S2104.

At step S2104, the region 1dentification unit 1001 decides
whether or not a displaying instruction for a next ROI 1s
received from the display controller 143. It 1s to be noted that
a health care worker can operate the operation unit 207 to
1ssue an instruction on the parallel display screen image 300
to advance to a next ROI. If an operation for issuing an
instruction to advance to a next ROI 1s performed by the
health care worker, then the display controller 143 notifies
the region 1dentification unit 1001 of the mstruction.

If 1t 1s decided at step S2104 that a displaying instruction
of a next ROI 1s received, then the processing advances to
step S2105. On the other hand, 1T 1t 1s decided that a
displaying instruction of a next ROI 1s not recerved, then the
processing by the second registration unit 142 1s ended.

In this manner, the second registration unit 142 1n the
present embodiment scans a comparison source CT 1mage
with a given scanning width using ROI candidates of a given
size. Then, the second registration unit 142 determines a
region specified at a position at which 1t 1s decided that there
exists a convergence region as a given region (ROI) and
performs a local positioning process for the given region
(ROI) on the basis of an image of the given region and then
extracts an 1image ol a corresponding region to perform an
1mage processing process.

Consequently, a health care worker may not perform a
process for designating a tumor F on a comparison source
CT mmage, and the load on the health care worker upon
diagnosis can be reduced.

Third Embodiment

The second registration unit in the second embodiment
determines a given region (ROI) 401 by scanning an ROI
candidate of a given size on a comparison source CT 1mage
with a given scanning width.
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In contrast, a second registration unit in the third embodi-
ment determines a given region (ROI) 401 while succes-
sively changing the size and the scanning width of an ROI
candidate to be scanned on a comparison source CT 1mage.
It 1s to be noted that the second registration unit 1n the third
embodiment determines, when 1t scans each ROI candidate
with each scanning width, from among regions specified by
positions at which it 1s decided that there exists a conver-
gence region, a region in which, for example, the number of
difference vectors 1s equal to or greater than a given thresh-
old value as a given region (ROI) 401. In thus manner, with
the third embodiment, an optimum given region (ROI) can
be determined by scanning while the size and the scanning
width of an ROI candidate are successively changed. In the
following, the third embodiment 1s described principally of
differences thereof from the second embodiment described
above.

FIG. 22 depict views 1llustrating a process of scanming a

comparison source CT i1mage using ROI candidates to
determine an ROI. FIG. 22A-1 illustrates a manner 1n which
the second registration unit 142 scans ROI candidate 2001_1
of a comparison source CT 1mage. It 1s to be noted that, 1n
the present embodiment, the 1mage processing apparatus
120 stores a plurality of ROI candidates in the auxiliary
storage unit 204, and the second registration unit 142
successively reads out the ROI candidates and performs
scanning of the ROI candidates on the comparison source
CT mmage. FIG. 22A-1 indicates that the ROI candidate
2001 1 1s read out first.

FIG. 22A-2 indicates that 1t 1s decided as a result of the
scanning by the ROI candidate 2001_1 that a convergence
region exists at a given position and a region specified by the

position 1s decided as a given region (ROI) 401_1. Further,
FIG. 22A-3 indicates that 1t 1s decided as a result of scanning
of the ROI candidate 2001_1 that a convergence region
exists at a position different from that of the given region
401_1 and a region specified by the position 1s decided as a
given region (ROI) 401_2.

Meanwhile, FIG. 22A-4 indicates that, after scanning of
the ROI candidate 2001_1 1s completed, the second regis-
tration unit 142 reads out an ROI candidate 2001 2 of a size
different from that of the ROI candidate 2001 1. The second
registration unit 142 performs scanning of the comparison
source CT 1mage using the newly readout ROI candidate
2001_2.

FIG. 22A-5 indicates that 1t 1s decided as a result of the
scanning ol the ROI candidate 2001_2 that a convergence
region exists at a given position and 1t 1s decided that a
region specified by the position 1s a given region 2201_1.
Further, F1G. 22A-6 indicates that 1t 1s decided as a result of
scanning of the ROI candidate 2001_2 there exists a con-
vergence region at a position different from that of the given
region 2201 _1 and a region specified by the position 1s
decided as a given region 2201_2.

In this manner, by performing scanning of individual ROI
candidates (2001_1, 2001_2, . . . ), a plurality of regions
(401_1, 401_2, 2201_1, 2201_2, . . . ) are decided as given
regions (ROIs). It 1s to be noted that, although, in the
description of the example of FIG. 22, a change of the
scanning width 1s not mentioned, when scanning of the ROI
candidates (2001_1,2001_2, ... ) 1s performed, the scanning
1s performed changing the scanning width.

The second registration unit 142 determines a region that

satisfies a given condition from among a plurality of regions
(401_1, 401_2, 2201_1, 2201_2, . . . ) each decided as an

ROI as an ROI.
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The example of FIG. 22B illustrates a manner in which
the given regions 401_1 and 2201_2 from among the
plurality of regions (401_1,401_2,2201_1,2201_2,...)are
determined as ROIs. Consequently, the second registration
unit 142 1n the present embodiment can determine a region
of an optimum size at an optimum position as an ROI.

Now, a flow of processing by the second registration unit
142 in the third embodiment 1s described. FIGS. 23 and 24

are a third flow chart of processing executed by a second

registration umit.

At step S2301, the region identification unit 1001 sets
initial values for the size and the scanning width of an ROI
candidate and reads out ROI candidates of the set size and
scanning width from the auxiliary storage unit 204.

At step S2101, the region 1dentification unit 1001 sets the
ROI candidate read out at step S2301 to a scanning starting
position of a comparison source CT 1mage.

At steps S1602 to S1605, whether or not there exist a
convergence region 1s decided on the basis of an 1image of a
region specified by the ROI candidate at the position set at
step S2101.

If the representative vector calculation unit 1004 decides
at step S2102 that there exists no convergence region as a
result of the processes at steps S1602 to S1603, then the
processing advances to step S2104.

At step S2104, the region identification unit 1001 decides
whether or not the ROI candidate exists at a terminal end
position of the comparison source CT 1mage (at the right
lower end position of the comparison source CT 1mage). If
it 1s decided at step S2104 that the ROI candidate does not
exist at the terminal end position, then the processing returns
to step S2101.

In this case, the region i1dentification unit 1001 sets the
ROI candidate 2001 to a position displaced by a given
scanning width (here, scanning width equal to the initial
value theretfor) on the comparison source C'T 1image and then
executes the processes at steps S1602 to S16035 again.

On the other hand, if 1t 1s decided that there exists a
convergence region as a result of the processes at steps
51602 to S1605, then the representative vector calculation
unit 1004 advances the processing from step S2102 to step
S2302.

At step S2302, the region identification unit 1001 counts
the number of difference vectors 1n a region specified by the
position at which 1t 1s decided that there exists a convergence
region, and decides whether or not the number of difference
vectors 1s equal to or greater than a given threshold value.

If 1t 1s decided at step S2302 that the number of difference
vectors 1s equal to or greater than the given threshold value,
then the region 1dentification unit 1001 decides the region
specified by the ROI candidate at the position at present as
a given region (ROI). Then, the processing advances to step
S52303.

At step S2303, the region identification unit 1001 retains
the region specified by the ROI candidate at the position at
present as the given region (ROI).

On the other hand, 11 1t 1s decided at step S2302 that the
number ol difference vectors 1s smaller than the given
threshold value, then the region 1dentification unit 1001 does
not decide the region specified by the ROI candidate at the
position at present as the given region (ROI). Then, the
processing advances directly to step S2104.

It 1s to be noted that, since the process when it 1s decided
at step S2104 that the ROI candidate i1s not at the terminal
end position of the comparison source CT 1mage 1s such as
described above, description 1s given here of a case 1n which
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the ROI candidate 1s at the terminal end position of the
comparison source CT 1mage.

IT 1t 1s decided at step S2104 that the ROI candidate 1s at
the terminal end position of the comparison source CT
image, then the processing advances to step S2304. At step
52304, the region 1dentification unit 1001 decides whether
or not the processes at steps S2101 to 52104 are executed
with all scanming widths for all of the plurality of ROI
candidates stored in the auxiliary storage umt 204.

IT 1t 1s decided at step S2304 that there remains an ROI
candidate for which the processes at steps S2101 to 2104 are
not executed, then the processing advances to step S2305.
Alternatively, 11 1t 1s decided at step S2304 that there remains
a scanning width that 1s not used in the processes, then the
processing advances to step S2303.

At step S2305, the region 1dentification unit 1001 reads
out an ROI candidate for which the processes at steps S2101
to S2104 are not executed as yet from among the plurality
of ROI candidates stored 1n the auxiliary storage unit 204,
and then the processing returns to step S2101. Alternatively,
the region 1dentification unit 1001 sets a scanming width that
1s not used for the processes, and then returns the processing
to step S2101.

In this case, the region identification unit 1001 sets the
ROI candidate read out newly at step S23035 to the scanning
starting position of the comparison source CT 1mage. Alter-
natively, the region identification unit 1001 sets the ROI
candidate read out at present to the scanning starting posi-
tion of the comparison source CT 1image with the scanning
width set at step S2305.

On the other hand, 11 1t 1s decided at step S2304 that the
region 1dentification unit 1001 has executed the processes at
steps S2101 to S2104 with all of the scanning widths for all
of the plurality of ROI candidates stored in the auxiliary
storage unit 204, then processing advances to step S2401.

At step S2401 of FIG. 24, the region 1dentification unit
1001 substitutes 1 into an ROI counter N. It 1s to be noted
that the ROI counter 1s a counter for counting the number of
ROIs retained at step S2303 (regions decided each as given
region (ROI)).

At step S2402, the region 1dentification unit 1001 reads
out an 1mage of the Nth given region (ROI) from among the
ROIs retained at step S2303. Here, the 1mage 1n the first
grven region (ROI) 1s read out.

At step S1608, the representative vector calculation unit
1004 and the positioning umt 1005 perform a local posi-
tioning process ol the adenocarcinoma. Further, 11 1t 1s
decided at step S1609 that the 1image processing process 1s
to be performed, then the image processing process 1s
performed at step S1610. Thereafter, the 1mage 1n the Nth
grven region (ROI) and an image obtained by performing the
image processing process for the image 1n the corresponding
region 402 (including a translucent layer) are outputted to
the display controller 143, wherealter the processing
advances to step S2403.

Consequently, the display controller 143 causes an 1mage
of the Nth given region (ROI) 401 to be displayed in an
enlarged scale on the comparison source CT 1mage of the
parallel display screen image 300, and causes an 1mage
(1including the translucent layer) obtained by performing the
image processing process for the image of the corresponding
region 402 to be displayed in an enlarged scale on the
comparison destination CT i1mage.

At step S2403, the region 1dentification unit 1001 decides
whether or not a displaying instruction of a next ROI 1s
received from the display controller 143. It 1s to be noted
that, on the parallel display screen 1image 300, a health care
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worker can perform an operation for instructing to advance
to a next ROI through the operation unit 207. Then, 1f an

operation for mstructing to advance to a next ROI 1s per-
tormed by a health care worker, then the display controller
143 notifies the region 1dentification unit 1001 of the instruc-
tion.

IT 1t 1s decided at step S2403 that a displaying instruction
of a next ROI 1s received, then the processing advances to
step S2404.

The region 1dentification unit 1001 calculates the ROI
counter N=N+1 at step S2404 and then returns the process-
ing to step S2402, at which 1t reads out an 1mage of the Nth
given region (ROI). Here, an image of the second given
region (ROI) 1s read out.

In this manner, at steps S2402 to S2404, a local position-
ing process and an 1mage processing process are Succes-
sively performed 1n accordance with an instruction from the
health care worker on the basis of an 1image of the ROI
retained at step S2303. Consequently, an 1image of the given
region 401 and an 1mage obtained by performing an image
processing process for an image of the corresponding region
402 are successively displayed 1n an enlarged scale on the
parallel display screen 1mage 300.

On the other hand, 1f i1t 1s decided at step S2403 that a
displaying instruction of a next ROI 1s not received, then the
processing by the second registration unit 142 1s ended.

As described above, the second registration unit 142 1n the
present embodiment performs scanning while the size and
the scanning width of an ROI candidate are successively
changed on the comparison source CT i1mage. Further, the
second registration unit 142 in the present embodiment
determines a region specified at a position at which it 1s
decided that a given condition 1s satisfied from among the
positions at which 1t 1s decided that there exists a conver-
gence region as a given region (ROI).

Consequently, the health care worker may no more per-
form a process for designating a tumor F on a comparison
source CT 1mage. Theretfore, the load on the health care
worker upon diagnosis can be reduced and, upon diagnosis,
an optical ROI can be determined.

Fourth Embodiment

The 1mage processing apparatus according to the first to
third embodiments are described as apparatus that display an
image (including a translucent layer) of a corresponding
region for which an 1image processing process 1s performed
by the second registration unit 1n an enlarged scale on a
parallel display screen image.

In contrast, an 1mage processing apparatus in the fourth
embodiment changes, when an 1mage (including a translu-
cent layer) of a corresponding region for which an image
processing process 1s performed by the second registration
unit 1s to be displayed in an enlarged scale on a parallel
display screen image, the display mode 1n response to an
operation by a health care worker.

This 1s because, by an 1mage processing process by the
second registration umt, a plurality of layers are superposed
on an 1mage 1 a corresponding region and there is the
possibility that the image of the corresponding region may
become less easy to observe to the health care worker. In the

tollowing, the fourth embodiment 1s described principally of
differences thereol from the first embodiment described
hereinabove.

FIG. 25 1s a view 1llustrating a relationship among pro-
cessing contents of a diagnosis support unit 1 an image
processing apparatus, operation contents of a health care
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worker, and displaying contents of a parallel display screen
image. FI1G. 25 corresponds to FIG. 4 depicted in connection
with the first embodiment described hereinabove (view
illustrating processing contents and so forth later than global
positioning).

As depicted 1n FIG. 25, 11 a health care worker designates
a position of a tumor F on a displayed comparison source CT
image, then an image of the given region (ROI) 401 1s
displayed in an enlarged scale on an enlarged display screen
image on the comparison source CT 1mage. Further, on the
comparison destination CT image, an 1mage for which an
image processing process has been performed (including a
translucent layer) 1s displayed 1in an enlarged scale on an
enlarged display screen image on an image of the corre-
sponding region 402 obtained by performing a local posi-
tioning process.

I1 a health care worker performs various operations for an
image displayed 1n an enlarged scale on an enlarged screen
image on a comparison destination CT 1image using a pointer
2501, then the display controller 143 changes the display
mode of the image displayed in an enlarged scale on the
enlarged display screen image on the comparison destination
C'T image 1n response to the various operations by the health
care worker.

FIG. 26 depict views illustrating a manner 1n which a
display mode of an image of an enlarged display screen 1s
changed by a display controller. FIG. 26A 1illustrates a
manner 1n which a translucent layer on which difference
vectors are displayed 1s superposed on an 1image 1400 of a
corresponding region 402 and another translucent layer
colored at partition groups 1102 at positions corresponding
to the positions of the difference vectors 1s superposed
turther.

FIG. 26B illustrates a manner in which a health care
worker moves a pointer 2501 toward the image 1400 of the
corresponding region 402 on which the plurality of trans-
lucent layers are superposed.

FI1G. 26C 1llustrates a manner 1n which, when the health
care worker moves the pointer 2501 toward the center of the
image 1400, on the translucent layer on which the difference
vectors are displayed, the displayed difference vectors are
retracted to the outside of a convergence region. Further, on
the translucent layer colored at the partition groups 1102 at
the positions corresponding to the positions of the difference
vectors, the colored partition groups 1102 are retracted to the
outside of the convergence region.

As depicted 1n FIG. 26C, the display controller 143 moves
the displayed diflerence vectors such that the positions of the
difference vectors are moved from the positions depicted 1n
FIG. 26B to the outer side as viewed from a position at
which the distal ends of the vectors are concentrated on the
translucent layer. Further, the display controller 143 moves
the colored partition groups 1102 to similar positions.

As a result, the partition groups 1102 on which the
difference vectors are displayed and colored are not super-
posed on the convergence region of the image 1400 of the
corresponding region 402, and therefore, 1t 1s facilitated for
the health care worker to observe the convergence region. It
1s to be noted that, it the health care worker moves the
pointer 2501 away from the image 1400, then the displayed
difference vectors retracted to the outside of the convergence
region are returned to the original positions as depicted in
FIG. 26A. Further, the partition groups 1102 retracted to the
outside of the convergence region are returned to the original
positions.

It 1s to be noted that the display controller 143 may
change, when to move displayed difference vectors to the
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outside of the convergence region on the translucent layer,
the color of the difference vectors to a display color different
from that of the difference vectors before the movement.
Similarly, the display controller 143 may change, when to
move the partition groups 1102 at the positions correspond-
ing to the positions of the difference vectors to the outside
of the convergence region on the translucent layer, the color
such that the colors before and after the change are different
from each other.

It 1s to be noted that, 1n the example of FIG. 26, a case 1s
described 1n which displayed diflerence vectors (or colored
partition groups 1102) are moved 1n response to the position
of the pointer 2501. However, the movement of displayed
difference vectors 1s not limited to this. For example, where
the pointer 2501 1s used to 1ssue an instruction to display a
turther enlarged i1mage, displayed difference vectors (or
colored partition groups 1102) may be moved under a
condition that the center of the enlarged display remains
within the convergence region.

Now, a flow of processing executed by the display con-
troller 143 1n the present embodiment 1s described. FIG. 27
1s a flow chart of processing executed by a display controller.

At step S2701, the display controller 143 decides whether
or not a layer on which difference vectors (or colored
partition groups 1102) are displayed i1s superposed on an
image 1400 of a corresponding region 402. If it 1s decided
at step S2701 that a layer on which difference vectors (or
colored partition groups 1102) are displayed 1s not super-
posed, then the processing advances to step S2708.

On the other hand, i1 1t 1s decided at step S2701 that a
layer on which difference vectors (or colored partition
groups 1102) are displayed 1s superposed, then the process-
ing advances to step S2702. At step S2702, the display
controller 143 calculates a density of difference vectors 1n a
convergence region on the image 1400 of the corresponding
region 402. For example, the display controller 143 acquires
a range of the convergence region calculated by the conver-
gence region decision unit 1003 and a number of difference
vectors included in the convergence region. Further, the
display controller 143 calculates a density of the difference
vectors 1n the convergence region (“overlapping ratio” cal-
culated from the number of difference vectors superposed 1n
the convergence region) on the basis of the acquired range
of the convergence region and the acquired number of
difference vectors.

At step S2703, the display controller 143 decides whether
or not the density calculated at step S2702 1s higher than a
given threshold value (given ratio). If 1t 1s decided at step
S2703 that the density 1s equal to lower than the given
threshold value, then the processing advances to step S2708.

On the other hand, if 1t 1s decided at step S2703 that the
density 1s higher than the given threshold value (namely, a
number of difference vectors greater than a given ratio are
placed 1n a region smaller than a given extent), then the
processing advances to step S2704. At step S2704, the
display controller 143 decides whether or not the pointer
2501 enters the image 1400 of the corresponding region 402.

IT 1t 1s decided at step S2704 that the pointer 2501 enters
the 1mage 1400 of the corresponding region 402, then the
processing advances to step S2706. At step S2706, the
display controller 143 retracts the display (difference vectors
or colored partition groups 1102) on the layer superposed on
the 1mage 1400 once to the outside of the convergence
region.

On the other hand, if 1t 1s decided at step S2704 that the
pointer 2501 does not enter the convergence region, then the
processing advances to step S2705. At step S2703, the
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display controller 143 decides, when the health care worker
instructs to perform display of the image 1400 in a further
increased scale using the pointer 2501, whether or not the
center of the enlarged display 1s within the convergence
region.

I1 1t 1s decided at step S2705 that the center of the enlarged
display 1s within the convergence region, then the processing
advances to step S2706. On the other hand, it 1t 1s decided
at step S2705 that the center of the enlarged display 1s not
within the convergence region, then the processing advances
to step S2707.

At step S2707, 11 the display on the layer superposed on
the 1mage 1400 of the corresponding region 402 1s retracted
to the outside of the convergence region, the display con-
troller 143 returns the display to 1ts original display position.
It 1s to be noted that the display controller 143 maintains the
current display position 1f the display on the layer super-
posed on the image 1400 1s not retracted to the outside of the
convergence display (in the case the display on the original
display position).

At step S2708, the display controller 143 decides whether
or not the processing being executed 1s to be ended. It 1s to
be noted that the case 1n which the process being executed
1s to be ended 1s a case 1n which the display of the image
1400 of the corresponding region 402 displayed at present 1s
ended. The case 1n which the display of the image 1400 of
the corresponding region 402 being displayed at present 1s,
for example, a case 1n which a given region different from
the given region displayed at present 1s designated, another
case 1n which a comparison source C1 1mage different from
the comparison source CT 1mage being displayed at present
1s displayed or a like case.

If 1t 15 decided at step S2708 that the process being
executed 1s not to be ended, then the processing returns to
step S2701. On the other hand, 11 1t 1s decided at step S2708
that the processing being executed 1s to be ended, then the
processing 1s ended.

As described above, 1n the display controller 143 1n the
present embodiment, a display on a layer superposed on an
image of a corresponding region 1s moved to the outside of
a convergence region in response to a pointer operation by
a health care worker. Consequently, the health care worker
can reduce difhiculty 1n observing a convergence region
(portion to be diagnosed) on an 1mage of a corresponding,
region.

Fitth Embodiment

In the first embodiment described hereinabove, the image
processor 1006 visualizes a tendency of a change of a tissue
based on a change of a tumor on the basis of a calculated
distribution of difference vectors (number of difference
vectors per unit area). However, the method for the visual-
ization of a tendency of a change of a tissue 1s not limited
to this. For example, a speed of change of a tissue may be
calculated and visualized on the basis of the magnitude and
the elapsed time of the calculated difference vectors.

Further, 1n the third embodiment described hereinabove,
the second registration unit 142 determines a region in
which the number of difference vectors 1s equal to or greater
than a given threshold value from among regions 1n which
it 1s decided that there exists a convergence region as an
ROI. However, the determination method of an ROI 1s not
limited to this. Any other determination method may be used
if 1t can determine a region 1 which the degree of conver-
gence of a tissue 1s high 1s an ROI.
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Further, 1in the third embodiment described above, an
image processing process 1s executed after all ROIs are
determined on a comparison source CT 1mage. However, an
Image processing process may otherwise be executed every
time an ROI 1s determined.

Further, 1n the first to fourth embodiments described
hereinabove, an 1image of a given region (ROI) 1s displayed
in an enlarged scale on an enlarged display screen 1mage.
However, an 1mage of a given region (ROI) may be dis-
played in an enlarged scale on a comparison source CT
image like a loupe view.

Further, in the first to fourth embodiments described
hereinabove, an 1nstruction for 1image processing 1s accepted
alter global positioming 1s completed. However, an instruc-
tion for 1mage processing may be accepted otherwise after
an 1mage of a corresponding 1mage 1s displayed.

Further, 1in the first to fourth embodiments described
hereinabove, a CT i1mage 1s displayed. However, the
embodiments disclosed herein may be applied also to a case
in which a medical image other than a CT mmage (for
example, a magnetic resonance 1maging (MRI) image) 1s
displayed.

It 1s to be noted that the embodiments disclosed herein 1s
not limited to the configurations described hereinabove in
connection with the embodiments and the configurations
may have some other elements combined therewith. The
configurations of the embodiments can be modified 1n
various manners without departing from the spirit and scope
of the present embodiments and can be applied appropriately
in accordance with an application form thereof.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without lmmitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present mnvention have been described
in detail, 1t should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A non-transitory computer readable storage medium
storing a program that causes a computer to execute a
process comprising:

obtaining a first image of a chest and a second 1mage of

the chest scanned after the first 1mage;

speciiying a plurality of difference vectors indicating a

changes of a plurality of positions 1n a lung between the
first image and the second image'

determining whether a change in the lung occurs, the

change bemg a change indicated by specified difference
vectors, 1n the plurality of difference vectors, toward a
specified position in the lung;

transforming the second image to adjust the plurality of

positions 1n the second image to the plurality of posi-
tions 1n the first image based on the plurality of
difference vectors far from the specified position by a
predetermined distance or more; and

outputting the transformed second image on a display

device.
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2. The non-transitory computer readable storage medium
according to claim 1, wherein
an area corresponding to the change in the lung 1s dis-
played on the display device.
3. The non-transitory computer readable storage medium
according to claim 2, wherein
the specified position 1s displayed on the display device 1n
a different manner from other parts of the lung.
4. The non-transitory computer readable storage medium
according to claim 1, wherein
the plurality of difference vectors toward the specified
position 1s displayed so as to be superposed on the
transtormed second 1mage.
5. The non-transitory computer readable storage medium
according to claim 4, wherein
the plurality of difference far from the specified position
by the predetermined distance or more 1s vectors indi-
cating the change of the lung that 1s caused by breathing,
and a heart beating, 1s excluded from the specified
vectors.
6. The non-transitory computer readable storage medium
according to claim 1, wherein
the change 1n the lung 1indicates that alveolr in the lung are
collapsed by an adenocarcinoma.
7. An apparatus lfor i1mage processing, the apparatus
comprising;
a memory; and
a processor coupled to the memory and configured to:
obtaining a first image of a chest and a second 1mage of
the chest scanned after the first image;
speciiying a plurality of difference vectors indicating a
changes of a plurality of positions 1n a lung between
the first image and the second image;
determine whether a change 1n the lung occurs, the
change being a change indicated by specified differ-
ence vectors, 1n the plurality of difference vectors,
toward a specified position 1n the lung;
transform the second image to adjust the plurality of
positions 1n the second image to the plurality of
positions in the first image based on the plurality of
difference vectors far from the specified position by
a predetermined distance or more; and
output the transformed second image on a display
device.
8. A method for image processing, the method compris-
ng:
obtaining a first image of a chest and a second 1mage of
the chest scanned after the first 1mage;
specifying a plurality of difference vectors indicating a
changes of a plurality of positions 1n a lung between the
first image and the second 1mage;
determining whether a change in the lung occurs, the
change being a change indicated by specified diflerence
vectors, 1n the plurality of difference vectors, toward a
specified position 1n the lung;
transforming the second 1mage to adjust the plurality of
positions in the second 1mage to the plurality of posi-
tions in the first image based on the plurality of
difference vectors far from the specified position by a
predetermined distance or more; and
outputting the transformed second image on a display
device.
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